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TECHNICAL MEMORANDUM X~64980

DEVELOPMENT AND ANALYSIS OF A MODULAR
APPROACH TO PAYLOAD SPECIALIST TRAINING

1.0 SUMMARY

A description of the development and analysis of a modular approach to
Spacelab payload crew training is presented in this report. Representative
missions are defined for training requirements analysis, training hardware,
and simulations. Training times are projected for each experiment of each
representative flight. A parametric analysis of the various {lights defines
resource requirements for a modplar training facility at different flight fre-
quencies. The modular approach is believed to be more flexible, time saving,
and economical than previous single high fidelity trainer concepts.



2.0 INTRODUCTION

The American Space Program has been characterized by highly success-
ful missions, due in part to the lengthy, extensive training programs provided
for the astronauts. Widely spaced launch schedules, a dedicated cadre of
astronauts, a generous budget, and a limited number of total flights enabled
such extensive training to be provided. Now, however, NASA is entering the
Shuttle era where the latest mission model identifies as many as 60 flights per
year, with the total number of flights planned being over 500. To support such
a number of flights, a more cost conscious budget will be a necessity.

To operate the Shuttle a professional cadre of astronauts will still be
needed as pilots and crew members. However, since Spacelabs will be flown
on many of these Shuttle flights, additional crewmen will be required. On
Spacelab flights, researchers or their representatives will be offered the
opportunity to fly into Earth orbit and to pexform their own experiments in orbit.
These crew members' { called payload specialists) responsibilities will be
experirment related only. These flights introduce an entirely new concept in
flight crews and training concepts.

The requirement to train these individuals in the procedures for perform-
ing experiments in space presents a new and unique probiem not satisfied by the
training techniques employed for professional astronauts. This report defines
a payload specialist training concept, and proceeds to provide an indepth train-
ing requirements analysis of selected missions. In addition, the results of a
parametric analysis providing preliminary resource requirements are
documented.
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3.0 BACKGROUND

The Shuttle System is a transportation system designed 1o carry payloads
to and from Earth orbit and to support in~ortit performance of experiments.
The prime Shuttle payload, the only one discussed in this paper, is Spacelab.
Spacelab has two major components, modules and pallets. The long pressurized
module is 6.9 m (22.6 {t) long and 4.06 m (18,3 ft) in diameter, and pallets
are in 3 m (9.8 {t) long segments. On a given mission, the Spacelab configura~-
tion enu be comprised of a module only, a pallet(s) only, or a combination of
module(s) and pallet(s). Experiment payloads may be contained in the module
or raounted on the pallets for performance in Earth orbit.

Experiment payloads may be sponsored by any of a number of agencies
including the Department of Defense (DOD), National Acronauties and Space
Administration (NASA), European Space Agency (ESA), or members of the
scientific community such as universities or private research organizations.
These payload sporisors or their designated resecarchers define, design, and
develop experiment payloads for installation in a Spacelab with which {o conduct
in-orbit rescarch of their choice.

To operate the Shuttle and its Spacelab payload, a crew consisting of a
commander, & pilot, a mission specialist, and one to four payload specialists
will be required.

1. Commander — The commander will be in command of the [light and
will be responsible for the overall space vehicle operations, personnel, and
vehicle safetly.

2. Yilot — The pilot will be second in command of overall space vehicele
operations. He will normally perform the payload deployment/ retrieval operi-
tions via the remote manipulator system and will be the sccond erewman for
EVA operations.

3. Mission Specialist — The mission specialist will be proficient in
payload (experiment) operations. He will have a detailed knowledge of the
payload operations, requirements, objectives, and supporting equipment, Ie
will be knowledgeable on Orbiter and attached payload support systems and will
be the prime crewman for EVA operations. At the diseretion of the payload
sponsor, he may assist in the management of payload operations and may in
specific cases serve as the payload specialist.



4, Payload Speecialist ~ The payload specialist will be responsible for
the attainment of the payload (experiment) objectives. The payload specialist
will have a detailed knowledge of the payload instruments (and their subsystems),
operations, requirements, objectives, and supporting equipment. The payload
specialist will be responsible for the management of payload operations and for
the detailed operation of particular instruments or experiments. The payload
specialist must be knowledgeable of certain Orbiter systems, e.g., accommoda-
tions, life support, hatches, tunmels, and caution and warning systems,

Because of the nature of their job the pilot, commander, and mission
specialist will likely be selected from a cadre of professional astronauts. The
mission specialist, pilot, and commander?s duties are similar to astronaut
duties of previous space missions, and training could be conducted in a similar
way. However, the use of a payload specialist is a new concept, requiring the
development of a different type of training program.

As a basic philosophy, Spacelab aime {0 open the space environment to
researchers, i.e. principal investigators can be their own payleoad specialists.
However, experience and preliminary planning indicate that the more usual or
general case will be represented by the situation where a limited number of
onboard specialists will be conducting research designed and sponsored by a
larger number of ground~hased principal investigators. While the specialists
may, in general, begin with an overall discipline familiarity, they will seldom
be proficient in the specific research which they will be called upon to conduct.
Moreover, neither these "proxy' researchers nor principal investigators
(should they be part of the payload specialist erew) will he aware of the opera-
tional ways in which their rescarch interacts with other onboard activities.

Trom the outset it was recognized that all payload specialists would he
required to undergo two basic kinds of training: mission independent and mission
dependent. Certain background knowledge and skills must be shared by all
payload specialists, regardless of the nature and objectives of their particular
missions. This mission independent training embraces such arcas as safety
procedures, general payload carrier familiarization, system familiarization,
habitability provisions and general flight procedures, and lends itself to a
comparatively unvarying complement of training hardware, software, and other
learning aids. There is a sccond, or mission dependent, category of training
required — training tailored to the specific objectives and hardware to he
operated on a particular mission. Clearly the training resources (hardware,
software, and other learning provisions) to support this class of training will
vary with cach unique mission.



In the past, all training, including mission dependent training, was con~
ducted with the aid of extremely high fidelity, "all up! trainers, duplcating to
the highest practical extent all physical and operational aspects of the specific
mission to be performed. After each mission, training systems were recon-
figured to match the next upcoming mission, Given the overall suceessful record
of America! s space program, there can be no ge yious question as to the efficacy
of this all-gsystems approach. It demands, however, either sufficient time
between missions tc either reconfigure hardware and then conduet training or,
alternately, sufficient training resources to permit the conduct of multiple
concurrent training operations. An carly review of Spacelab operations indi-
cated that the program would afford neither liberal time hetween missions nor
the resources for multiple high-fidelity training facilitics. For these reasons,
an alternate approach was sought which would minimize program costs nsso-
ciated with multiple, high-fidelity trainers, provide the flexibility to support
high frequency mission models, and yet provide payload specialists with a high
degree of payload proficiency.

The training approach which was esplored in depth (which eame o be
termed the "modular't approach) sought to abstract from a range of typical
missions, the elements with which payload speceialists would interact (o, g,
payload specialist station, seientific airlock, racks, ele,). With these clements
tabulated for each mission and with an analysis of how long a payload speeinlist
would be required to train upon each element, various '"mission models'! were
analyzed {o assess resource requirements as a funetion of time. In a period
of particularly high flight frequency where all missions are "complex!" (demand-
ing a lengthiy training eycle for each), demands on certain resources may be
quite high, A month or so later, however, the opposite situation might he frue.
Thus for each training resource a "resource profile' was produced for each of
several mission models. After an examination of various scheduling options
and the application of statistical and parametrie analyses (described herein
and in Reference 1), a recommendation for resource procurement was
formulated.

It is reiterated that recommended resources are not at the whole trainer
level, but rather at the element or module level. This implies that al least for
the major part of their training, payload specialists will not he surrounded by ¢
Spacelab pressure shell mockup with all internal features configured exactly as
they will be encountered in flight, Rather. they will train on elements from
their payload which can be progressively integrated such that ultimately all the
operational elements with which they will deal will he physically present, but
never in an exact physical duplicate of their [light Spacelab,




Some time prior to their flight, it will be highly desirable, or ¢ven
necessary, to familiarize payload specialists with their unique Spacelab con=
figuration, TFor the purposes of this study, it was postulated that there are at
least two opportunities for this physical orientation to take place., Ior each
payload to be assembled, a "soft mockup' will be constructed, This mockup,
envisioned primarily as an aid to analytieal integration, will be a three-
dimensional plywood and eardboard layout of the payload. In this mockup the
specialist can learn the relative locations of his research with respeet w other
onboard provisions, location of stowage of various elements, ete, IFinal physical
orientation ean take place on the flight hardware itself, alter the Spacelab has
been outfitted with all infernal experiments and support provisions and with all
items stowed in their appropriate locations (see Scetion 8,0, Note 1).

The analyses undertaken to define payload speeialist mission dependent
training resources required to help create the necessary level of competence is
described below, Certain assuiaptions, drawn from extant policy and program
goals, consistont with the preceding discussion guided the study. These
included;

1. Payload speeialists will be sclecied to satisly payload sponsor
requirements and although physical requirements for light must be met, the
payload speecialist will not necessarily be a professional astronaut.

2, The payload sponsor has the primary responsibility for training
payload specialists in the procedural aspeets of the experiments. NASA's
primary role is to facilitate training and to assist the payload sponsor in meeting
his responsibility.

3. Mission dependeid (experiment/ Spacelab interface) training includes
all training associated with the following:

a. Common payload support equipment familiarization,

b, Ezperiment operation to include operation through the CDMS console
and payload specialist station.

c. Procedural {raining assistance when requested by the payload sponsor.

4. Mission independent (Ovbiter/ Spacelab systems) training will
include:
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a. Physiological conditioning.
b. Environmental familiarization.

¢. Flight safoty training (reseue procedures, survival equipment and
procedures, inflight emergencics, pad egress).

d. Tabitability (sleep, bygiene, eating, exercise).

¢. Orbiter subsystems operation and characteristics (communication,
life support, electrical power, attilude control, data management) ,

5. To preserve schedule integrity and provide maximum assurance that
missions will be conducted by personnel of highest qualifications, a backup will
he selected and trained for each payload specialist,

Based on these premises, the scope of this document is concept develop-
ment and requirements analysis for payload speeialist mission dependent train-
ing. The following sections define the proposed concept for payload apeciulist
training and deseribe the analysis of resources required.

~1
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4.0 CONCEPT DEVELOPMENT

It is recognized that a training approach must produce payload specialist
competent to perform Spacelab experiments and to contend with contingency
situations. It is suggested that the use of a payload specialist modular trainer
concept in conjunction with involvement in mission preparation activitics will
provide such a flexible and effective training program.

4,1 Modular Concept (see Section 8.0, Note 2)

A flexible, modular trainer concept requires the use of Spacelab com~
ponent trainers such as airlocks, workbench, film vault/ stowage modules,
racks, payload specialist station, and Command and Data Management System
(CDMS) consoles. These items could be drawn upon to configure a training
compartment for a particular experiment training exercise. At the same time
other compartments could be configured for training on other experiments from
that payload or for other payloads. Instead of a single trainer creating a queue
for payload specialists, simultaneous training of several payload specialists
could occur thus reducing cost and time while providing maximum trainer con-
figuration flexibility.

Typically a payload specialist might be processed through the training
facility as indicated in Figure 1. The orientation would give an overview of the
Spacelab mission and its objectives as well as training objectives. A descrip-
tion of the facility would be provided together with an introduction to operational
procedures to be followed. Also included in this orientation would be a presenta-
tion of each payload specialist' s schedule for the training sessions. A tour of
the facility would be conducted to orientate the payload specialist to the location
of the various areas within the facility.

TAAINING FACHLITY SOFT CLASSACOM PART TASK INTEGRATED
FACILITY WALK - MOCK LP ENPERIMENT -t EXPENIMENT 4 QEBRIEFING ! PAYLOAD
CRIENTATION THROUGH ORIENTATION} 4 TRAINING TRAINING TRAINING

Figure 1. Typical training activities of payload specialist
through training facility.



After teayning facilily orientation, the payload gpecialists would spend
a session in a flight configured soft mockup (wood and cavdhoard), This would
allow them to locate their experiments within the Spacelab and in relation to
other crewmen's experiments,

Each payload specialist would then complete a series of experiment
specific training programs consisting of classroom and part task training
excrcises on cach of his assigned experiments.

Following this & debriefing/ evaluation period would oceur where the
payload sponsor identifies those areas in which he feels Jhe payload specialist
requires more training. The payload specialist would then receive additional
tra‘ning in thoge arcas in which his perfoimance is not adequate.

As a climax to the training exercise, the individual training compartment
partitions would be removed as necessary and an integrated payload training
session conducted involving all mission payload specialists. During this phage
of training a Payload Operations Center (POC) would be interfaced with the
training facility to simulate a ground/orbit interface.

4,2 Mission Activities Involvement

In addition to the formal training cycle, utilizing the concepts just
described, paylead specialist involvement in niission preparation activities
can provide effective, realistic procedural and system interface training.
Such migsion activity involvement is essential to reduce payload specialist
dedicated training time and training expense. Areas in which the payload
specialist should be involved are experiment development and integration,
mission and flight planning, and ground operations.

Experiment development and integrat.ion.activitics inelude the following:
1. Experiment design and fabrication

2. Experiment reviews

3. Experiment installation

4. Integration and acceptance reviews and tesis.
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Involvement in these activities would give the payload specialist an excellent
background in the intricacies of experiment operation and interfaces.

Mission and Flight Planning activities include:

1. Discussion of mission objectives and constraints

2. Analysis of operations

3. Logistics ¢nd scheduling

4. Tlight plan development

5. Onboard activity scheduling.
Active participation in these activities should provide the payload specialist
with a good understanding of flight activities and objectives, and his responsibil-

ities as payload specialist.

Payload specialist involvement in ground operations activities should
include:

1. Subsystem and integrated systems tests
2. Payload/ Orhiter verification checks

3. Launch readiness reviews and tests.

This would provide a payload specialist interface with actual flight hardware

as well as integrated activity with other crew members.

10



5.0 IDENTIFICATION OF TRAINING RESOURCES

The resources needed to support the modular coneept of payload specialist
training include facilities, hardware, and software. Each of the mujor items is
defined in the following paragraphs.

5.1 Tacilities
The types of facilities required are:

1. Classrooms = The elassroom should provide an environment that
allows the payload specialist to acquire an understanding of the requirements
and cbtain a basic knowledge of experiment operating capabilities and limitations.

Resoureces required for classroom support should include desks, chairs,
chalkboards, flip chart boards, and other audio~visual aids such as overhead
projectors, slide projectors. movie projectors, and audio tape recorders.

2. Part Task Compartments ~ In the part task area, the pavload
specialist develops a detailed understanding of hardware location, orientation,
and configuration and obtains basic hands-on operational experience. It should
he designed to support the payload specialist in developing the skills necessary
for experiment performance and in developing erew coordination.

The part task areas should prcvide sulficient space and facilities to
simulate Spacelab work stations. Spacelab similar racks should be utilized
and the capability to interface rack mounted equipment to the CDMS should be
provided. There will also be a requirement to link thege arcas to a simulation
computer. A keyboard and CDMS console should be in close proximity to the
part task trainer areas. There should be an audio communications tink {o the
control room and video cameras should be mounted to allow ohservation of the
area. These cameras should have pan~tilt~zoom capabiyity and should be remote
controlled from the control room. TFacility interfaces such as power, vacuum,
pressurant, ete. are undeiermined. Partitions separating these areas should
have the capability ol easy and quick removal to allow for integrated flight
simulation,

3. Control Room — The contrei room should contain {raining supervisor
consoles which would provide for CCTV viewing of the part task area with TV
cameras confrollable from this console and seleet audio communication to all
parts of the training facility and a POC. In addition, there should be a command
keyhoard which will permit experiment control and faulting via a simulation com-
puter. Time display, video record capability, experiment and system data

11



display and other capabilities will be required., All video displays, closed cir-
cuit, and peripheral simulation video should be available at this console with
superimposed time displays.

This console should also provide positions for payload sponsors to
obsarve the training operation,

4. Maintenance and Storage — This arca would he used for packing,
wipacking, and inspection of experiment and simulation hardware. It supports
part task preparation activities and provides an area for minor mechanical and
clectrical repair and refurbishment on a continuous basis. A security storage
room would be required for special experiment hardware within this area.

5.2 Hardware

The major hardware components of training equipment required are
the CDMS, simulation eomputers, Payload Specialist Station (PSS), peripheral
simulation equipment, Common Payload Support Equipment (CPSE), and the
part task experiments.

1. CDMS/CDMS Consoles — The training facility will require the use of
a CDMS experiment computer capable of accepting {light type experiment
software,

The CDMS should be accessed by a CDMS console, PSS, experiments,
POC, and training control room. The information flowing from or to the PSS
and/ or the CDMS console is in the form of commands or information for display.
The information from the CDMS to the POC and/ or the training control room
would be in the form of a data stream similar to the flight downlink. The infor-
mation flowing from the POC and/ or the training control room to the CDMS
would be in the form of uplink commands, The data stream at the training con-
trol room would have to be processed to provide the same type displays as is
provided for the payload sponsor at the POC. The data bus between the CDMS
and tne RAU' s would carry experiment data and/ or commands for experiment
control.

2. Payload Specialist Station — One or more high fidelity representa~
tions of the Orbiter payload specialist station will be required for thosc missions
operating with a pallet. It should provide a keyboard, TV monitor, analog-video
recorder, cauticn and warning system and those experiment control and displays

12



required for that mission. It should be of flight size and functionally interact
with the experiment and simulation computer. Audio and video Huks should he
provided between this area and the control room.

3. Simulation Compuier — A simulaiion computer (SimCom) equivalent
to a Univae 1108 is required for support hut could be shared with other tasks.
This ecomputer can be utilized to comptetely simulate oxperiments, wben opera-
tioual hardware is absent, through math models to penerate stimulus to experi=
ment havdware or to simulate experiment responses. The SimCom can he used
to simulate portions of experiments not available, those experiments that can=-
not be operated in the Karth environmoent, as well as those experiments which
can be simulated more cost-cffectively than the experiment itself ean be provided.
The SimCom should also take commands from the training control room and
impact the data to the exporiment to pvaluaie the response of the {rainee i non=
nominal gituations. The SimCom should interfacee with the CDMS, control room,
part task area, S5, and peripheral simulations in a control and data exchange
capacity. The storage capacity for simulation programs is a function of the
nwmber of experiments heing rin simultaneously, the complexity of the experi-
nent and the level of simulalion required.

4. Peripheral Simulation Eguipment = The peripheral simulation equip-
ment would provide a visual Lr unm support to the pavload specialist, e.g.,
deploying an anlenna mounted on the pallet. This could he accomplished by a
small model controlled by the SimCom with the trainee watching through a
simulated viewport and an eleetrienal feedback to signify when the antenna is
fully deployed,  Another type of pervipheral simulation would he visual depictions
digplayed on CRTT 5 jmounted behind a viewport. Items such as celouds, star-
lields and Earth tavgets could be displayed.

5. Common-Payload Support Bauipment (€PSE) ~ The following items
of comimon pﬂylmd bupporL u}mpmcnt will be required: scieptifie airvlock, view-
port, and film vault. The viewports will he used in conjuncetion with peripheral
simulation equipment Lo provide representative Larth, space and pallet views,

In addition, a tonnel mock-up will he in this same area. Al of these Hems will
he of actual [light size.

-t

G.  Other Equipment — In addition to the nutjor hardware items dis-
eussed, the following will be roquired:

a,  Workbeneh — A {rainer with high fidelity man/ system interfaces
will be required to familiarize the pavioad specialist with Hebt article opera-
tional intorincees.

13



b. Public Address (PA) System — A PA system throughout the training
facility with the option to patch into the POC during inteprated training sessions
as required.

¢. Experiment Support — IFlight similar racks will be vequired for
mounting user provided experiments. These racks must be portable and capable
of accepting power and other facility supplied items,

5.3 Software Requiremaents

To provide a realistic training environment, the payload specialist should
interact with data representative ol whal might be seen in flipht. Much of this
data presentation will be generated by software packages.

Data gathering and transmifting activities of pallet mounted sensors can
be simulated by software packages. These soltware packages should be gen~
erated for cach major sensor element for all disciplines to form a stimulus
simulation library. By this method, the astablishment of pertinent mission
parameters (altitude, pointing attitude, solar activities, ete,) should provide
enough information for the software to simulate an instrument' s activilies and
generate appropriate data to the payload speeialist.  This software should simu-
late exprriment data flow through the experiment data bus and provide logie to
allow exjwriment intoraction by payload specialist, ground ilight control, or the
training supervisor. The data that would normally be on the high rate data bus
should be simulated as downlinked at the user console in the format in which it
would appeay in flight.

Software programs will also he required to simulate oulputs of experi-
ment equipment that cannot be furnished during the training period. It must
also support special purpose peripheral simulations, i.e. star fjelds, Earth
views.

Specific software package requiremoents and sizing are undefined at
present. Ttuture analysis is planned for this area.



6.0  ANALY®IS

The previous sections describe the proposed payload speeialist training
concept and the types of resources required to support the formal {raining
period. To establish the overall requirements of such a concept and to quantify
the resources necessary to support this training system, an analysis and com~
puterized modeling study was rerformed.

The purpose of this study was to define tvpical overall mission training
requirements in terms of the modular trainer concept and resources as defined,
then to quantify the resource requirements for a variety of flight frequency and
fraining experience possibilities.

The sters involved in this analysis and the results achieved are discussed

in detail in the vllownn., pavagraphs. The overall flow of activities performed
is shown in Fipure
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REPRESENT: EXPERIMENT TRAINING FUNCTIONAL ALLOCATION ANALYSIS REQUIRED
ATIVE FUNCTIONAL REQUIRE- FLOWS PER [ By Mission B FoR vani-
MISSIONS FLOWS MENTS TYPE { DUSFLIGHT
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and E D e

Figure 2. Training requirements analysis flow,

G.1 Typical Mission Definition

Since training resource requirements are directly related to the payload
complement for which training must be provided, any analysis of the situation
must be tied as closely as possible fo realistic Spacelab payloads, Spacelab
payload delinitions at this time are mostly in the form of reference mission
data, ox specilic experiment data.

The primary sources of experiment and mission data for Spacelah are
described in Table 1. Reflerences 2 through 11 were utilized to support this
analysis.

From this reference material [1-11], a set ol four missions wis chosen
for detailed analysis. The missions chosen were:



TABLE 1. SPACELAB MISSION AND EXPERIMENT DATA SOURCES

1, Space Shuttle Payload Deseription (SSPD)

The SSPD contains the results of a survey by MSI'C of the
scientifie community of potential payload sponsors. They
were asked to deseribe what experiments they would like

to (ly on the Shutile. The data are accumulated according
to seientific discipline and include the following informa~

tion for each experiment:

Payload Operator Skill Requirements

Taunch and Orbital Requirements

Payload Objeetive

Experiment Hardware Description

Payload Inferface with Space Vehicles

Power, Data, and Environmental Requirements
Operational Times and Crew Involvement
Stowage Requiremoents

Computer Support Requirements

-

This information is available on anticipated Spacelah experi-
ments but the data are not grouped into missions or payloads,

2. Integrated Mission Planning (IMAP) Document

The IMAP exercise construets reference missions by com-
bining selected SSPD payloads. These analysis and planning
procedures provide experience and data on aclivilies required
for [light definition. The IMAT is an integraled compilation
of in-depth studies Lo agsess the feasibility of reference
missions by a number of teclmical discipline organizations,
These diseiplines inelude flight operations, migsion time-
lines, associated grouad operatiods, vehicle/ payload inter-
face, and payload malysis.

8. Operation Requirements Analysis (ORA)

The purpose of the ORA is (o define, in as feasible detail as
possible, those requirements for Spacelab esperiments
operalions as performed during the mission. The ORA
identifics on~orbil crew operations as well as ground opera-
tions required of a payload operations control center. An
ORA [orm lists the [light/ support hmetion and agsociated
gkill, manpower and time requirements, hardware, and
interface requircments.

16



Mission 10: Multidiseipline — Pallet only

Mission 11: Multidiscipline — Lal and Pallet

Mission 14: Dedicated — Lab only

Mission 19: Dedicated — Lab and Pallet '
These missions were selected as representative of the speetrum of possible
Spacelab configurations and of the various scientilic disciplines planned for
Spacelab flight. TFrom a training standpoint, these missions should bound the
training problem from a simple set through a complex set of training require~
ments as defined in the following scctions. The missions selected and their

experiments are given in Table 2.

6.2 Mission IExperiment Iunctional Flow Development

A detailed analysis of the training requivements for each mission was
performed. The first step in the training requirements analysis was the
development of Level I functional flow diagrams (Fig. 8). These top lavel
flows contain the gross functions to be performed during the actual {light
experiment operation phase and are a direct outpué of the ORA. These fune-
tional diagrams are developed for the primary purpose of structuring system
requirements into functional terms.

These are further expanded into Level II funclions or tasks, The Ievel
II functions are the lowest level necessary Lo establish the requirements of

training resources for a given experiment which makes up a part of a payload.

G, 3 Mission Training Requivements Analysis

The training requirements analysis form is illustrated in FFigure -, It
provides detailed information on each Level II function which must be performed
in condueting an experiment or group of experiments and what training resources
and time is required to train for that function. Each field on the form is defined
below:

1. Tunction — The function lists the Level II function Lo be performed
for which this sheet defines the requirements. :

2. Number of Payload Specialist — This is the number of payload
speeialists to be trained to perform the function.
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TABLE 2. TRAINING ANALYSIS MISSIONS

Mission 10: Multidiscipline Pallet Only

EO~19-8
AP~04-5
IE-11-8
50-17~8

High Specd Interferometer
Gravity and Relativity Satellite
High Energy Astrophysics

Solar Activity Growth Processes

Mission 11: Multidiseipline Lab and Pallet

XST 001
XS8T 004
XST 006
XST 008
XST 010
XST 019
X8T 020
XST 021

XST 023
XST 024
XST 026
XST 027
XST 029
XST 040

Microwave Interferometer

Autonomous Navigation

Scarch and Rescue

Imaging Radar

Lidar

Ultraviolet Meteor Spectroscopy

Colony Growth in Zero~-G \
Interpersonal Transfer of Microorganisms
in Zero-G

Electrical Characteristics of Biological Cells
Special Properties of Biological Cells
Zero-G Steam Generator

Sampling of A/ B Particles

Environmental Effects on Nonmetals
External Contamination Measurements

Mission 14: Dedicated Lab (Life Seiences)

LS~09~8

LS 001
IS 002
LS 003
LS 004
LS 005
LS 006
IS 007
15012

Medical Emphasis Mission (medicine, biology,
life support and proteclive systems, man
gystems infegration)

Visual Records and Microscope

Data Management Unit

Life Sciences Support Unit

Preparation and Prescrvation Unit
Biochemical/ Biophysical Analysis Unit
Maintenance, Repair and Fabricalion Unit
Aneillary Storagd

Biomed/ Behavioral Measurements Unit




TABLE 2, (Concluded)

Misgion 14: Dedicated Lab (Life Sciences) ( Concluded)

LS 023 Internal Centrifuge

LS 026 Radiobiology Unit

LS 031 Biomed. Support Unit
LS 040/041  Vertebrate IHolding Unit
LS 042 Vertebrate Support Unit

LS 060/ 061  Cells and Tissues Holding and Support Unit

Mission 19: Dedicated Lab and Pallet ( Atmospheric,
Magnetospherie and Plasmas in Space)

XAP 410 Wave Characteristics
XAP 420 Wave/ Particle Interactions
AP 430 Walke and Sheath Experiments
XAP 450 Global Emission Survey
XAP 470 Magnetospheric Topology
VISUALLY INSPECT POWER UP e
EXPERIMENT EXPERIMENT EXP,
DATA INTERFACE
ACTIVATE EXP. EXPERIMEN PAYLOAD SPECIALIST
TO OPERATING CHECKOMUT T EXP. CONTROL CENTER
CONFIGURATION ' DEBRIEFING
PERFORM EXP. PS/EXP, CONTROL | _| DEACTIVATE CONFIGURE EXP,
FLIGHT PLAN CENTER DEBRIEFING EXPERIMENT FOR RETURN

Figure 3. Level I functional flow diagram.
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3. Knowledge — This ficld identifies the knowledge required to perform
the funetion. This ineludes primarily knowledge not expeeted to be part of o
payload specialist! s background and which must be imparted either by experi-
menters whom the payload specialist will represent and/or by the host payload
center.

4, Skill — Skill refers to the ability to perform speceific tasks, This
field identilies the operational skills nceessary to perform the function at the
necessary level of proficiencey.

5, Training Mothods — This field identifies the most appropriate methods
of training to perform this funetion, The two basic methods available for train-
ing are classroom and trainer. These methods relate back to knowledge and
skill as shown in the following diagram,

TRATNING
6 METHOD
KNOWLEDGE ~» SK*ILL CLASSROOM
TRATNER

That is, classroom training imparts knowledge while trainer experience
(utilizing knowledge gained) imparts skill.

Clagsroom training will be conducted to sufficient depth to minimize the
use of trainers for other than the acquisition of skill (e.g., speed, precision,
etc, ). The training hours (item 7) for classroom and trainer reflect this
philosophy.

6. Level — The level defines the function performance proficiency
requived. This is categorized as Limited, Proficient, Competent, or Highly
Profieient according to the following definitions,



Level After Training Payload Specialist Will he Able to:

Limited Accomplish most task activities by being told or
shown how

Proficient Accomplish most of the task or activity, but not
necessarily to desired levels of speed or aceuracy

Competent Accomplish a task or activity at minimum accept-
able levels of speed or accuracy

Highly Accomplish an activity at highest levels of speed
Proficient or accuracy, and be able to tell or show others
how to do the activites

7. Training Hours — This field defines the number of training hours
required of each training method (item 5) fo train all payload specialist identi-
fied in item 2. This information is provided for two different types of payload
specialists:

a, No Previoug Training — Assumes the payload specialist has never
been previously trained to perform Spacclab experiments.

b. Previous Training — Assumes all payload specialists have previously
been trained to perform Spaceclab experiments, although not necessarily this
particular function.

8. Mockups — This ficld defines the type of mockup trainer or hardware
required to train the payload specialist to pexform this function., The options
are:

a. Part Task — Part Task Trainer

b, Tull — Engincering Model

¢. Soft — Spacelah module trainer soft mockup

d. NB — Neutral Buoyancy simulaior

e. Zero-G — KC 135 aireraflt zero-gravity simulator

bh

Racks — Number of racks nocessary

22



g. CPSE -~ Common Payload Support Equipment suc's as short airlock,
long airlock, viewport, Iilm vault.

h, C&D — Control and display panels on conscies. To perform tasks
the payload specialist must interact with various experiment related C& D, Since
there is no current detailed definition of these C& D clements, five categories
of increasing complexity were sefined for purpose of scoping simulation
requirements:

Category Description
A Discrete: 1-10 channcls
B Discrete: 11 or more channels
C Variable, i.e., meters, CRT's
D Requires computer simulation or feedback
E Requires CDMS, keyboard, and CRT.

Payload specialist panel requires one
Type E; a CDMS console, two Type E's

Other Stowage module, experiment hardware,
workbench

9. Data Systems — Defines the computer systems, interfacing equip-
ment, and software required to train for this function. Where known, data
quantity and time of actual computer usage are given. Interfacing equipment
is limited to RAU!' s or hardwarc used to simulate a RAU function. A pre-
liminary statement of software requirements for the simulation compuier are
shown for each function. This identifics those programs nceessary to simulate
cxperiments or experiment responses,

10. Peripheral Simulation Ilardware — Any equipment used for peripheral
simulations, such as video system to show stars, Earth targets, clouds, ecte.,
will be defined for the function.

11. Remarks — Additional information pertinent to the function are given
here such as coordination requirements or other special requirements.

e



This detailed information was propared for each Level II funetion of each
experiment of a mission. In addition an exporiment summary sheet was pre-
pared which compiles the training resource requirements and associated usage
time for the entire experiment,

6.4 Mission I‘lllthiOllal Flows

From the detalled training requirements analysis and associated sum=
maries, a training functional flow was developed for each mission (Ifig, 5).

This flow depiets a scheduling of {raining necessary {o achieve the results
defined in the swmmary of the training requirements analysis and presents a
profile of training resource utilization for that training time period. To alleviate
computer overloading, training is scheduled such that while part of the crew is
in the trainer performing experiments with computer usage, others are per-
forming classroom training without computer usage on another experiment,

G.b Parameirie Analysis of Resource Requirements

Training facility requirements arc dependent on flight frequency, payloal
type, training period, and payload specialist experience ratio, For high [light
frequencies, the training sessions will overlap and facility requirements will
be the sum of each flight' s resource requirements.  To identify these require-
ments, the mission functional flow data for cach representative mission were
loaded into a data base for use hy a computer parametric model. This model
randomly schedules the representative flights to meet the specified flight {fre~
quency. To allow crew involvement in ground operations tests, the payload
specialist training must egsentially terminate 4 weeks prior to launeh, Thus if
we look at the random scheduling of flights, it might appear as in IMigure 6.

The following parameters may be varied in the computer analysis:

1. Flight frequency (2-32 flight/ year)

2. Training periods (40 or 56 h/ wk/ erew)
3. Payload specialist experiencs ratio (100 percent naive to 0 percent
naive in 20 percent inerements).

After defining these parameters, the compuler randomly schedules the repre-
sentative [lights to satisly the chosen [light [vequency and prints out a daily
schedule of training resources required {o support training for all flights in
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proccss af that time. Yor example, if we wished to look at the case of 12
flights/ year, 40 h/ wk training, and 80 percent naive and 20 percent experienced
crew, the computer would schedule the 12 launches on equal centers (one month
apart) ang sum training hardware requirements for each day of the year
(appendix) .

To gain more confidence in the data, 50 random [light sequences for
each ¢asc were averaged by day., Requirements for each picce of tyaining
hardware ware then plotted in the form of a cumulative frequency distribution
(Fig. 7). Using the plot of racks as an example, one can sce that for the
specified conditions 32 racks will satisfy more than 95 percent of the training
requirements, Similar plots for all of the resources scope the training resource
problem for {light frequencies from 1 through 32 flights/ year. These data are
summarized in Tahle 3.
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TABLE 3. FLIGHT DATA

Resources
Racks
PSS
Airlocks
Viewports
A Panels
B Panels
C Panels
kD Pancls

I Panels

Flights/ Year
1 4 8 16 24 32
8 8 16 32 32 40
1 1 1 1 1 1
1 1 1 1 1 1
2 2 2 2 2 2
2 3 12 18 20 24
2 2 2 3 3 3
2 2 3 3 4 5
4 4 6 10 14 16
2 2 2 4 4 4
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7.0 CONCLUSIONS

Those resources shown in Table 8 will satisfy 95 pereent of all
parametrically identified requirements for the respeetive flight frequencies.

To satisfy these same requirements could require as many as four full trainers

at a cost several magnitudes greater than that requived for the modular concept.
The modular eoncept providez the flexible low cost and time saving approach
needed to satisly a multipurpose, high throughput training situation.

While our analysis has scoped the problem, there are still refinements
and additional areas requiring study.

None of our original analysis made use of scheduling oplimization
algorithms to allow a reduction in {raining times per mission. Training
resource requirements were not analyzed o the detail of shifting mission
training start dates to reduce overlaps in {raining sessions which in urn might
reduce resource requiremoents,

For analysis simplicity, facilily preparation requirements were not
considered in evaluation of resource requirements in this study. It is recognized
that trainers must be configured for the various flights and such conliguring ties
up resources prior to the actual training start date.

Tror this analysis, [lights were randomly scheduled. There arc now,
however, realistic mission models which schedule (lights by discipline through-
out the 1980~1990 time frame. A move realistic analysis could he performed
by analyzing training requirements to meet this mission model.

Very little attention was given to the concept of learning curves
throughout our analysis. This needs considevation to determine if such impacts

have significant effects on the analysis.

All of these arcas have received analysis since our initial studies and
will be the subject of a subsequent report.
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8.0 NOTES

(1) At an carly stage, onc concept which was explored centered a large
portion of active training taking place on the flight Spacelab, The main reasons
for discarding this notion included incompatibilities with integration schedules,

. the imposition of inereased "wear and teaxr' on {light systems, the inability to
introduce training peculiar "faults' into system operation, and the inability to
| simulate weightless operation with "real'! hardware,

(2) In an attempt to ovaluale the modular concept, it was applied to the
extent possible in training for a Coneept Verification Test (CVT) mission, A
dedicated Material Seience Mission (CVT IV A) was performed by a nalve crew
totally {rained by various experiment PI.  Each crewman and backup were
trained on their assigned experiments in the PI Laboratory on the aclual hardware
separately from the other crewman, Following the individual experiment train-
ing, an integrated simulation was performed in the test vehicle (General Purpose
Laboratory) prior to the start of the actual test week.

In spite of many PI scheduling confliets and initial lack of completely
! assembled hardware, crew performance was successiul during the mission.
Crew members were able to complete repairs and conduet procedural changes
during the test with verbal assistance from the PI. It can be coneluded from
this test that:

1. Separate training for each payload specialist on his assigned
experiments is acceptable,

2. An integrated payload simulation is essential {o learning of
relationships and constraints of other experiments and surrounding environments.

3. PI may prove too busy with other activities to adhere {0 an estab~
lished training schedule. This may necessitate the establislment of a dedicated

training staff.

A more detailed deseription of the CVT IV A test results is confained
in the final report available from the MSIC CVT Office.
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APPENDIX

PARAMETRIC ANALYSIS RESULTS
12 Flights/ Year
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